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Since four years the German Aerospace Centre (DLR, Deutsches Zentrum fu¨r Luft- und Raumfahrt) reorganizes its
knowledge management processes. In the project “Establishing an integrated knowledge management system” (EIWis)
critical knowledge gaps become identified. By asking the employees in a survey about knowledge management a main
problem was clearly identified: the leaving expert issue. There are various situations why experts are leaving. In an
academic environment like DLR, for instance, doctoral students leave after graduation. But leaving employees always
leave with the knowledge they have achieved. Each case means a specific relationship between the expert and the
organization, while the expert is leaving and after departure. This shows the necessity for different approaches for
knowledge sharing. A comprehensive knowledge perspective can help to avoid problems when an expert is leaving, but
cannot replace the engagement with the subject. Together with the human resources department EIWis developed a
transfer process for leaving employees. After intensive testing three main components were chosen for the knowledge
transfer at DLR: Expert Debriefing, Story Telling and the Computer-based Knowledge Transfer. In addition, a Lessons
Learned research project at DLR debriefs project members about their experiences in multidisciplinary projects. The
results indicate relevant circumstances and actions that support knowledge transfer through collaboration. An overview
of the different approaches for knowledge transfer when experts are leaving will be given.
I. INTRODUCTION
In spite of all our modern technology like mobile de-
vices, databases and computer networks, most of the
knowledge of an organization is stored in people’s heads.
A research study of the Giga Information Group had the
result that in organizations only 20% of knowledge was
turned into written information and made accessible for
anybody in the organization (Fig. I).
These facts won’t bother many employees in their
workaday life, but become critical for the organization
when an expert is leaving. If there is no follower or the
follower has not equivalent skills or time to work with
the predecessor, a damage for the organization is obvious.
This could mean the loss of information, knowledge and
expertise. It may result in lost skills for the whole orga-
nization. Critical knowledge gaps will be the result, if
no knowledge got transferred in advance. Any forgotten
knowledge is a waste of time and money, which must
be avoided. Besides, all employees need to be prevented
∗German Aerospace Centre (DLR, Deutsches Zentrum fu¨r Luft- und
Raumfahrt), Germany, evelina.dineva@dlr.de
†German Aerospace Centre (DLR, Deutsches Zentrum fu¨r Luft- und
Raumfahrt), Germany, bjoern.nagel@dlr.de
Figure I: Organizational knowledge location [1].
from doing any redundant work that has already been
done by someone else.
A short-term solution is to hire the leaving expert for a
certain period again. But this is not always possible and
often expensive.
To prevent disaster, organizations have to cope with
the fact of leaving experts and to organize a knowledge
transfer. More than that, they should understand how
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knowledge is transferred in their subdivisions, projects
and directly between people. The people who are working
together must be aware, that their knowledge and their
products will be important for others in the future. The
tacit knowledge has to be found and made explicit and
usable for others.
With the EIWis project, DLR started to reorganize its
knowledge management processes [2].
II. PROJECT EIWis
The project to establish an integrated knowledge man-
agement system at DLR (EIWis, Fig. II) was launched
by a decision of the advisory board in April 2011, af-
ter a community of knowledge-management-interested
employees wrote down many hints for developing and
improving the knowledge processes at DLR into a pre-
concept. Through a survey among all employees, seven
actions were chosen to build up a knowledge management
system:
• Knowledge sharing meetings
• The People’s directory
• An Optimized search function
• The DLR.Wiki
• The Project Database
• The new introducing process for new employees
• The Knowledge transfer for leaving employees
Figure II: EIWis concept.
The most recent EIWis action is the Project Database,
which is currently being implemented. It is planned to
finish EIWis by the end of 2015. The Knowledge Transfer
for leaving employees will be described in the following
abstract.
III. KNOWLEDGE TRANSFER FOR
LEAVING EMPLOYEES
Leaving employees always leave with the knowledge
they have achieved. Together with human resources EI-
Wis developed a transfer process for leaving employees
who are willing to transfer their knowledge. Of course, if
there are enough resources, the easiest way is to let the
predecessor and the follower work together for a certain
time. But then there will be mostly a transfer of tacit
knowledge. Due to the fact, that very often the follower
arrives too late for a personal knowledge exchange with
the predecessor, we concentrated on ways to transfer the
tacit knowledge into explicit knowledge.
The personality of the employee who is being de-
briefed, is an important fact. Therefore, the knowledge
transfer is always individual. Some employees like to tell
a lot from their own perspective and don’t like a moder-
ator who is frequently asking questions. Others like to
have an interview, where a moderator can lead the direc-
tion of the talk. In special cases it may be even better if
the employee is writing down everything on his own.
All approaches have the same goal: to find out the
relevant knowledge to enhance existing projects and to
help others in the future. Therefore, we try first to find
out the highlights of a person’s work life at DLR. This
can be successful projects, tasks or events etc.
For each highlight, we identify important facts, e.g.:
• Goals
• Participants
• Agenda / sub-tasks
• Knowledge sources
• Necessary competencies (including social competen-
cies)
• Success factors
• Best practices
• Barriers
• Lessons learned
III.I Expert Debriefing
The Expert Debriefing in our knowledge transfer is
based on structured information. The goal is to open the
field of a person’s knowledge and get a good overview
about the knowledge that will be relevant for the follower
and the organization. Also the way of thinking is an
important knowledge and should be transferred.
After a pre talk we draw a knowledge map (Fig. III)
about all parts of the expert’s work and the highlights.
The first level of the job map is based on the work history,
expertise, tasks and functions, personal network, storage
location for digital data and and Lessons Learned of the
expert.
After that we look at the job map and together with
the expert we identify fields where to go deeper. Also we
try to identify transfer tools beside the interview which
can help to capture the knowledge better. Typical tools
can be moderated transfer talks, social network diagrams,
building document/ data storage libraries or podcasts.
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Finally, we end with the reflection of the process. Ex-
pert and supervisor can reflect each part of the process
and give hints to improve it.
Figure III: Debriefing Job Map.
III.II Computer Based Approach
An expert debriefing is normally dependent on the
moderator, who costs time and money. If there is enough
time and the leaving expert is willing to write down a
work diary by himself, the computer based approach for
knowledge transfer can be very helpful. However, the
circumstances have to suit for this approach: There has to
be an efficient, easy-to-use tool that helps to transfer the
knowledge. The leaving expert has to be willing to use the
tool, and colleagues need to know where they can find the
knowledge. Besides, we found out that a minimum of two
years before the expert is leaving is necessary to collect
enough relevant knowledge for later. Because the leaving
expert is mostly working on her own, self-discipline is
necessary to keep the knowledge transfer ongoing.
We used our DLR.Wiki [2] as a tool for the computer
based approach for knowledge transfer because the user
rights can be defined for a group or division and, thus,
the knowledge can selectively be made accessible. With
good templates, the knowledge transfer is made as easy
as possible. Sometimes the transfer process helps even
the leaving expert, because with everything in a good
order, the daily work can be made faster. E.g. the links
to other documents can be found easier, if you have them
on the right place. Day by day and week by week, the
knowledge book gets bigger. In the end a good summary
of the workplace for a follower or the colleagues will
be the result, which we call knowledge book (Fig. IV).
Every employee can open his own personal knowledge
book with a template and can start to write down his tacit
knowledge, even if he is not regarded as an expert. The
earlier people start to write down what they know, the
better. It does not matter if they are leaving or not.
Figure IV: Knowledge Book.
However, the computer based approach did not work
for us at all. Most common problem was that the knowl-
edge transfer was not regarded as very important and
every day problems were rated higher. Before the transfer
process starts, it has to be found out if the expert is disci-
plined enough to fill the knowledge book constantly on
his own and that colleagues and supervisors have a look
at the knowledge book from time to time.
III.III Story Telling
Some people do not like interviews, debriefings or
computer-based knowledge books. But often they like to
share their knowledge on their own rules. Their preferred
method to share their expertise often is to tell their sto-
ries, and the knowledge transfer is done by listening and
writing down what is told.
Story Telling is a narrative approach, which means
that the result is not clear and should be left open. The
goal is to open dialog rooms, e.g. by the use of sys-
tematic question techniques and in that way to initiate a
knowledge flow. Besides, there is always a focus on the
personal reflection. The goal is not to have a complete
documentation in the end.
What is the advantage? Through stories told by the
experts, the knowledge that is hard to capture or to ask
about becomes visible. Therefore questions have to be
stated in a special technique to let the expert tell on his
own but to direct the story telling into the right direc-
tion. In this manner, the tacit knowledge about relevant
business processes can be filtered and made transferable.
It is helpful to have consultants in the first knowledge
transfers who know how to use the question techniques
and to transfer the relevant knowledge.
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IV. IMPLEMENTATION AND FIRST RESULTS
In a first step, the expert has to be identified by his
supervisor for a knowledge transfer. Each supervisor can
book knowledge transfer for his co-workers from our
Human Resources (HR) department. As a product of
our human resources department a process routine was
created to describe the steps of the knowledge transfer.
Each human resources developer is able to consult their
customers about the knowledge transfer process and, if
applicable, start the knowledge transfer according to the
needs that have been identified. In the consulting phase,
the HR developer can identify, if expert debriefing, story
telling or even the computer based approach should be
the right action. Our HR consulting partners for expert
debriefing and story telling moderate the transfer actions.
We started the knowledge transfer in January 2015 and
got many requests for it from the institutes. It is too early
to state the results, but the feedback of the institutes who
took part was very positive. For us it is clear, that the
actions for knowledge transfer are effective and that they
create value for DLR. We found a way to keep knowledge
in the organization, even if experts are leaving.
In addition, we found out that the debriefing techniques
are also useful for project debriefings. When a project
is done, Lessons Learned and relevant findings have to
be captured. Story Telling and Expert Debriefing were
a good approach in several debriefing to get the relevant
knowledge from a project.
V. KNOWLEDGE TRANSFER TROUGH
COLLABORATION
V.I Lessons Learned Studies
Currently, we are piloting an extended lessons learned
interview method for several interdisciplinary DLR
projects with the aim to uncover patterns of collabora-
tion among project members with different disciplinary
backgrounds [3]. This study was motivated by project
leaders who have observed communication to be often
poor across disciplinary boundaries—their observation
has been largely confirmed subsequently with the inter-
view data. Here, we will summarize the lessons learned
studies and take a new look with a focus on pathways of
knowledge transfer.
Background
The German Aerospace Center, DLR, covers a large
scope of engineering disciplines in the fields of space,
aviation, and transportation. Thus, DLR projects often
cover many disciplines, and teams are put together from
members of several different institutes for the duration of
the project. It is typical that team members are not collo-
cated and are often involved part-time in several projects.
This makes it particularly challenging to truly work in-
terdisciplinary beyond just compiling the results from
the different disciplines. We address this issue with an
extended lessons learned study. We perform interviews
concerning the nature of collaboration in distributed mul-
tidisciplinary projects at DLR. Interviews are conducted
with members of twelve project teams, with a particular
focus on four projects. The interviews cover (i) stan-
dard questions about the course of the project (i.e., de-
briefings); (ii) explicit discussion of the collaboration
structure; and (iii) perceived satisfaction with the project
work.
Method
The extended lessons learned studies are based on semi-
structured interviews in which we ask participants about
their experiences in interdisciplinary projects [3]. Semi-
structured means that we use a questionnaire with a pre-
defined set of questions, but the interviewer is free to
change the sequence of and to ask additional questions, as
it appears appropriate during an interview. We performed
two rounds of extended Lessons Learned studies, Study 1
and Study 2. Compared to regular debriefings approaches
that focus on the course of a project [4], the extensions
include questions that particularly aim at collaboration
and personal experiences. Some questions are designed to
require scaled and tabular responses, examples for which
are shown in Figure V. The questionnaire for the second
study was improved based on the evaluation of the first
study—core details and differences are shown in Table I.
Participants
For data collection we complied with the German
ethics guidelines for psychological research with human
subjects [5], including obtaining informed consent from
the interviewees. Identifying personal information is
omitted from this report, for instance, participants and
projects are, respectively, referred to by numbers and let-
ters. In total 20 participants, several of whom reported on
more than one projects, contributed twenty-six data sets
about twelve projects A–L. We interviewed six partici-
pants about four projects A–D in Study 1 and additional
14 participants about eleven projects B–L in Study 2. The
numbers of interview data per project and in sum (
∑
)
are shown in Table II for each study and in total.
Because this research is still in a piloting phase, it is
important to note two facts about the data samples. Firstly,
the data is obtained from two related but different Studies
(Study 1 was necessary in order to improve the question-
naire for Study 2). Secondly, sample sizes per project
are very low. For the data analysis we will combine sta-
tistical measurements with anecdotal evidence from the
verbal report. At this stage, the data may provide mostly
valuable hints for future investigations.
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3.6 Plase rate the relvance of the following experi-
ences for your contribution:
(a) technical expertise
(b) understanding of other disciplines
(c) communication and social interaction
(d) other:
0 12 1
3.7 What are the sources of your relevant qualifi-
cations or experiences [√]?
source / qualification
from question 3.6
(a) (b) (c) (d)
university:
advanced training:
mentors:
“on the job”:
teaching:
other:
Figure V: Examples of questions with non-verbal re-
sponses, “scale” and “table”, as used in the most
recent version of the questionnaire—shown are trans-
lations from German of question 3.6 and 3.7. Back-
ground shading is included to distinguish the ques-
tionnaire snapshot from the current text. Reproduced
from [3] with permission from IOS Press.
Preliminary Data Analysis
Projects A through D were in focus of both Studies.
The personal and team overall satisfaction with the course
of the project was reported on a scale (similar to the exam-
ple of question 3.6 in Fig. V). The satisfaction measures
showed similar patterns for both Studies [3]. For simplic-
ity, here the data from both interview series is combined
and shown in Figure VI. Satisfaction rates increased from
project A to C, from very low to very good. In compari-
son, Project D has an average satisfaction rate.
Familiarity
It is worth noting that A, B, and C are consecutive and
about half of the respective project members participated
in all three projects. Similarly to Project C, Project D
also has preceding projects, trough which members know
one aborter and are already familiar to a large extend with
task and goals of the project. Familiarity, due to longer-
Study 1 Study 2
Context:
• project key factors
• personal involvement
• participant’s back-
ground
Project Progress:
• preceding projects
• subsequent projects
• achievement of goals
• yes/no: events with
impact
• scaled: jeopardy lev-
els for events with im-
pact
Collaboration:
• team satisfaction
• shared experiences
• required skills
• communication
• interdisciplinary
level
• tabulated: interaction
frequencies across
disciplines
• tabulated: interaction
frequencies across lo-
cations
Personal Experience:
• level of expertise
• core skills
• source of skills
• motivation sources
• tabulated: core skills
versus their sources
Resume:
• what was good
• what was not good
• what was learned
Table I: Core topics of the interview Sections (under-
liend) for both Studies; For Study 2 only additions or
changes are shown.
Project A B C D E F G H I J K L
∑
Study 1 2 5 3 1 0 0 0 0 0 0 0 0 11
Study 2 0 2 1 3 1 1 1 1 2 1 1 1 15
Total 2 7 4 4 1 1 1 1 2 1 1 1 26
Table II: Distributions of interview data over projects
and studies. Data from [3], reproduced with permission
from IOS Press.
term shared experiences on similar projects, seems to
be an important factor that might increase satisfaction
with a project. Larger data-samples are needed to provide
stronger support the above hypothesis about familiarity.
The pattern of satisfaction rates is also reflected in the
verbal reports from the participants. For example, Project
A (a kick-off of a novel multidisciplinary initiative) was
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NR. QUE
STN
TZ TIVA A 1   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 0.25   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 1 1
TZ VAMP B 2   n/a   n/a   n/a   n/a   n/a   n/a   n/a 0.85 0.59   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 1 1
TZ FREACS C 3   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 0.75   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 1 1
TP VAMP B 2   n/a   n/a   n/a   n/a   n/a   n/a   n/a 0.85 0.83   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 2 2
EM VAMP B 2   n/a   n/a   n/a   n/a   n/a   n/a   n/a 0.50 0.85   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 3 2
EM FREACS C 3   n/a   n/a   n/a   n/a   n/a   n/a   n/a 0.91 0.90   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 3 2
BN VAMP B 2   n/a   n/a   n/a   n/a   n/a   n/a   n/a 0.87 0.85   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 4 2
BN TIVA A 1   n/a   n/a   n/a   n/a   n/a   n/a   n/a 0.10 0.10   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 4 2
BN FREACS C 3   n/a   n/a   n/a   n/a   n/a   n/a   n/a 0.90 0.90   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 4 2
DB VAMP B 2   n/a   n/a   n/a   n/a   n/a   n/a   n/a 1.00 0.75   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 5 2
AT THERMAS DO 4.1   n/a   n/a   n/a   n/a   n/a   n/a   n/a 0.65 0.50   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a 6 2
AT THERMAS D 4 0.90 0.05 0.11 0.75 1.00 0.30 0.58 0.17 0.17 0.98 0.50 0.80 0.75 0.24 0.58 0.88 0.95 0.05 0.87 -6 4 668.00598.0033.0072.00667.00501.00  n/a 667.00667.00  n/a 669.00198.00390.00117.00117.00670.00657.00338.00539.00  n/
a
694.00519.00670.00161.00389.00590.00  n/
a
668.00635.0033.00580.00  n/
a
KW LAMAIR E 5 0.46 0.07 0.00 1.00 0.50 0.92 0.74 0.88 0.96 1.00 0.71 0.88 1.00 0.91 0.72 0.84 7 3 693.00321.0047.000.00 694.00694.00  n/a 694.00  n/a 347.00694.00638.00514.00609.00669.00  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
692.00692.00692.00493.00608.00692.00  n/
a
693.00629.00497.00581.00  n/
a
MN WECARE F 6 0.22 0.00 0.50 0.93 1.00 0.42 0.91 0.72 0.92 0.81 0.50 0.60 0.76 0.76 1.00 0.50 0.89 8 3 692.00152.00.00 346.00692.00642.00  n/a 694.00694.00293.00693.00628.00500.00640.00561.00  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
694.00347.00693.00413.00528.00528.00  n/
a
693.00693.00346.00619.00  n/
a
ND CLEANAIRPORT G 7 0.14 0.77 1.00 0.72 0.71 0.20 0.24 0.34 0.44 0.73 0.81 0.74 0.80 0.68 1.00 0.92 0.96 9 3 693.0099.00537.00693.00693.00498.00  n/a 693.00489.00137.00692.00163.00234.00307.00503.00  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
694.00562.00694.00513.00552.00472.00  n/
a
682.00682.00630.00654.00  n/
a
PD
C
DIGITAL-X H 8 0.53 0.38 0.73 0.75 0.54 0.91 0.98 0.72 0.72 0.88 0.61 0.57 0.84 0.50 0.83 0.24 0.52 10 3 667.00354.00253.00487.00669.00500.00  n/a 668.00358.00607.00665.00653.00477.00477.00585.00  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
667.00410.00668.00378.00562.00335.00  n/
a
666.00556.00163.00348.00  n/
a
PD
C
VAMP BE 2.1 0.85 10 3   n/
a
  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
  n/a   n/a   n/a   n/a   n/
a
  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
667.00570.00  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
  n/
a
BE THERMAS D 4 0.00 0.00 0.00 0.90 1.00 0.67 0.89 0.89 0.79 0.94 1.00 0.79 0.50 0.35 1.00 0.51 0.79 0.87 0.51 11 4 666.00.00 0.00 0.00 667.00597.00  n/a 669.00669.00447.00668.00597.00597.00531.00631.00667.00667.00526.00334.00  n/
a
669.00233.00667.00667.00341.00526.00  n/
a
667.00577.00343.00  n/
a
  n/
a
LS THERMAS D 4 0.31 0.06 0.00 0.50 0.82 0.84 0.68 0.59 0.76 0.91 0.55 0.68 0.66 0.67 0.84 0.65 0.81 0.45 12 4 667.00207.0039.000.00 668.00335.00548.00668.00  n/a   n/a 669.00564.00455.00396.00508.00668.00607.00370.00453.00  n/
a
670.00439.00668.00447.00561.00431.00  n/
a
669.00542.00301.00  n/
a
  n/
a
DS VAMP B 2 0.20 0.57 0.82 0.60 0.57 0.81 0.52 0.41 0.33 0.56 0.88 0.79 0.96 0.71 0.60 0.95 0.94 0.13 0.62 13 4 667.00132.00378.00547.00667.00403.00  n/a 667.00  n/a 379.00670.00544.00348.00277.00220.00669.00374.00587.00530.00  n/
a
670.00642.00669.00475.00399.00638.00  n/
a
669.00627.0088.00417.00  n/
a
SR PEGASUS I 9 0.06 0.16 0.23 0.77 0.03 0.55 0.55 0.44 0.65 0.74 0.91 0.61 0.53 0.74 0.91 0.85 0.81 0.95 0.06 0.84 14 4 666.0039.00105.00154.00668.00516.00  n/a 668.0021.00 365.00668.00367.00293.00434.00493.00668.00605.00410.00356.00  n/
a
668.00494.00668.00605.00568.00539.00  n/
a
667.00632.0041.00560.00  n/
a
RB PEGASUS I 9 0.83 0.21 0.50 0.91 0.00 0.67 0.79 0.67 0.79 0.98 0.35 0.60 0.89 0.90 0.93 0.93 0.93 1.00 0.50 0.85 15 4 669.00552.00141.00334.00667.00607.00  n/a 667.000.00 448.00668.00527.00446.00527.00657.00668.00233.00400.00597.00  n/
a
669.00601.00668.00618.00618.00618.00  n/
a
667.00667.00334.00564.00  n/
a
JF FREACS C 3 0.00 0.20 0.00 1.00 1.00 0.85 0.85 0.85 0.53 0.61 0.80 0.83 0.53 0.38 0.80 0.93 0.50 0.69 16 4 668.00.00 132.00.00 668.00668.00  n/a 668.00  n/a   n/a 668.00668.00567.00567.00567.00669.00357.00406.00534.00  n/
a
670.00558.00669.00357.00255.00534.00  n/
a
668.00623.00337.00461.00  n/
a
JF VAMP B 2 0.13 0.00 0.00 0.91 1.00 0.83 0.70 0.83 0.53 0.61 0.80 0.61 0.53 0.38 0.80 0.93 0.50 0.69 16 4 668.0089.000.00 0.00 668.00605.00  n/a 668.00  n/a   n/a 668.00668.00553.00470.00553.00669.00357.00406.00534.00  n/
a
670.00408.00669.00357.00255.00534.00  n/
a
668.00623.00337.00461.00  n/
a
AB CEF-PHASE-A J 10 0.69 0.45 0.06 0.87 0.88 0.71 0.75 0.87 0.90 0.94 0.82 0.74 0.88 0.95 0.96 0.70 0.96 1.00 0.86 0.18 0.68 0.78 17 5 697.00478.00317.0044.00694.00605.00  n/a 694.00609.00496.00697.00526.00606.00625.00653.00698.00575.00520.00615.00665.00698.00672.00691.00486.00661.00691.00  n/
a
694.00598.00126.00469.00539.00
ED X-TRAS K 11 0.28 0.56 0.08 0.98 0.08 0.06 0.77 0.68 0.77 0.77 0.93 0.84 0.66 0.68 0.86 0.75 0.68 0.96 0.05 0.96 0.96 18 5 695.00192.00387.0058.00696.00685.00  n/a 696.0059.00 44.00 696.00535.00475.00535.00535.00696.00646.00586.00459.00  n/
a
697.00476.00694.00595.00522.00473.00  n/
a
694.00668.0035.00668.00668.00
AK THERMAS D 4 0.62 0.00 0.00 0.27 0.50 1.00 0.11 0.31 0.50 0.36 1.00 1.00 1.00 0.86 0.76 0.50 1.00 0.15 1.00 19 5 694.00433.00.00 0.00 694.00187.00  n/a 694.00347.00694.00697.0077.00219.00347.00249.00697.00697.00697.00697.00  n/
a
697.00602.00694.00525.00349.00694.00  n/
a
692.00105.00692.00  n/
a
  n/
a
MJ CLAVA L 12 0.91 0.91 0.82 0.91 0.00 0.00 0.55 0.84 0.79 0.90 0.67 0.96 0.99 1.00 0.92 0.95 0.97 0.92 0.96 20 5 696.00634.00634.00574.00696.00630.00  n/a 693.00  n/a   n/a 693.00380.00583.00547.00622.00694.00464.00668.00686.00  n/
a
692.00692.00694.00639.00657.00673.00  n/
a
693.00640.00666.00  n/
a
  n/
a
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DIST
TIVA A A 1 0.10 0.18 2 2 2 2 0 2 0 0 0
VAMP B B 2 0.17 0.28 0.41 0.75 0.84 0.75 0.56 0.58 0.55 0.74 0.80 0.78 0.62 0.49 0.88 0.93 0.32 0.66 7 7 7 5 2 5 2 0 0
FREACS C C 3 0.00 0.20 0.00 1.00 0.94 0.85 0.85 0.85 0.53 0.61 0.80 0.83 0.53 0.38 0.80 0.93 0.50 0.69 4 4 4 3 1 3 1 0 0
THERMAS D D 4 0.46 0.03 0.03 0.60 0.54 0.62 0.51 0.56 0.97 0.71 0.75 0.65 0.67 0.61 0.83 0.69 0.50 4 4 4 1 3 0 4 0 0
LAMAIR E E 5 0.46 0.07 0.00 1.00 0.50 0.92 0.74 0.88 0.96 1.00 0.71 0.88 1.00 0.91 0.72 0.84 1 1 1 0 1 0 1 0 0
WECARE F F 6 0.22 0.00 0.50 0.93 1.00 0.42 0.91 0.72 0.92 0.81 0.50 0.60 0.76 0.76 1.00 0.50 0.89 1 1 1 0 1 0 1 0 0
CLEANAIRPORT G G 7 0.14 0.77 1.00 0.72 0.71 0.20 0.24 0.34 0.44 0.73 0.81 0.74 0.80 0.68 1.00 0.92 0.96 1 1 1 0 1 0 1 0 0
DIGITAL-X H H 8 0.53 0.38 0.73 0.75 0.54 0.91 0.98 0.72 0.72 0.88 0.61 0.57 0.84 0.50 0.83 0.24 0.52 1 1 1 0 1 1 0 0 0
PEGASUS I I 9 0.44 0.18 0.37 0.84 0.02 0.61 0.67 0.55 0.72 0.86 0.63 0.61 0.71 0.82 0.92 0.89 0.87 0.97 0.28 0.84 2 2 2 0 2 0 2 0 0
CEF-PHASE-A J J 10 0.69 0.45 0.06 0.87 0.88 0.71 0.75 0.87 0.90 0.94 0.82 0.74 0.88 0.95 0.96 0.70 0.96 1.00 0.86 0.18 0.68 0.78 1 1 1 0 1 0 1 0 0
X-TRAS K K 11 0.28 0.56 0.08 0.98 0.08 0.06 0.77 0.68 0.77 0.77 0.93 0.84 0.66 0.68 0.86 0.75 0.68 0.96 0.05 0.96 0.96 1 1 1 0 1 0 1 0 0
CLAVA L L 12 0.91 0.91 0.82 0.91 0.00 0.00 0.55 0.84 0.79 0.90 0.67 0.96 0.99 1.00 0.92 0.95 0.97 0.92 0.96 1 1 1 0 1 0 1 0 0
0.32 0.51 26 26 26 11 15 11 15 0 0
Project Stats-Redux
1.5AN 1.5BN 1.5CN 1.6RN 1.10AN 1.10BN 2.1AN 2.1BN 2.1CN 2.1DN 2.5AN 2.5BN 2.5CN 2.6RN 3.6AN 3.6BN 3.6CN 3.8AN 3.8BN 3.8CN CNT
PROJECT P-EVI P-PER P-INS P-GOL P-LD P-TM SAT-P SAT-T SAT-L SAT-C QO-E QO-X QO-C P-XD QS-E QS-X QS-M M-E M-M M-
MM
NR.
TIVA 0.90 0.10 0.18 0.18 2.00
VAMP 0.17 0.28 0.41 0.75 0.00 0.84 0.75 0.56 0.58 0.55 0.74 0.80 0.78 0.62 0.49 0.88 0.93 0.32 0.66 7.00
FREACS 0.00 0.20 0.00 1.00 0.80 0.70 0.94 0.85 0.85 0.85 0.53 0.61 0.80 0.83 0.53 0.38 0.80 0.93 0.50 0.69 4.00
THERMAS 0.46 0.03 0.03 0.60 0.54 0.62 0.51 0.56 0.97 0.71 0.75 0.65 0.67 0.61 0.83 0.69 0.50 4.00
LAMAIR 0.46 0.07 0.00 1.00 0.50 0.92 0.74 0.88 0.96   n/a   n/a   n/a 1.00 0.71 0.88 1.00 0.91 0.72 0.84 1.00
WECARE 0.22 0.00 0.50 0.93 1.00 0.42 0.91 0.72 0.92 0.81   n/a   n/a   n/a 0.50 0.60 0.76 0.76 1.00 0.50 0.89 1.00
CLEANAIRPORT 0.14 0.77 1.00 0.72 0.71 0.20 0.24 0.34 0.44 0.73   n/a   n/a   n/a 0.81 0.74 0.80 0.68 1.00 0.92 0.96 1.00
DIGITAL-X 0.53 0.38 0.73 0.75 0.54 0.91 0.98 0.72 0.72 0.88   n/a   n/a   n/a 0.61 0.57 0.84 0.50 0.83 0.24 0.52 1.00
PEGASUS 0.44 0.18 0.37 0.84 0.02 0.61 0.67 0.55 0.72 0.86 0.63 0.61 0.71 0.82 0.92 0.89 0.87 0.97 0.28 0.84 2.00
CEF-PHASE-A 0.69 0.45 0.06 0.87 0.88 0.71 0.75 0.87 0.90 0.94 0.82 0.74 0.88 0.96 0.70 0.96 1.00 0.86 0.18 0.68 1.00
X-TRAS 0.28 0.56 0.08 0.98 0.08 0.06 0.77 0.68 0.77 0.77 0.93 0.84 0.66 0.68 0.86 0.75 0.68 0.96 0.05 0.96 1.00
CLAVA 0.91 0.91 0.82 0.91 0.00 0.00 0.55 0.84 0.79 0.90 0.67 0.96 0.99 1.00 0.92 0.95 0.97 0.92 0.96 1.00
Proj-ID Project Intervieiw Version Intervieiwie Institute Department Location City Duration Role Partizipation at  n/aDLR Degree Subject Field
A TIVA 1 1 TZ
B VAMP 1 1 TZ
C FrEACs 1 1 TZ
B VAMP 2 2 TP
B VAMP 3 2 EM
C FrEACs 3 2 EM
B VAMP 4 2 BN
B VAMP 5 2 DB
D THERMAS 6 2 AT
E iLOADS 7 3 KW
F WECARE 8 3 MN
G CleanAirport 9 3 ND
H Digital-X 10 3 PDC
D THERMAS 11 4 BE
D THERMAS 12 4 SL
B VAMP 13 4 DS
I Pegasus 14 4 SR
I Pegasus 15 4 RB
C FrEACs 16 4 JF
B VAMP 16 4 JF
J CEF-PhaseA 17 5 AB
K X-TRAS 18 5 ED
D THERMAS 19 5 AK
E CALMS 20 5 WJ
0.00
0.50
1.00
1.50
2.00
A B C D
pesonal
team
Figure VI: Accumulated—team plus personal—average
satisfaction rates in projects A–D.
mentioned to be particularly unsatisfactory because the
goals—the big picture, what this project is about—were
not clear to the members. Not only the contents and
methods become more familiar, but also people become
to know one another by working together over the years
(about eight years at the time of the interviews).
Motivation
Next to familiarity of goals and people, some explicit
measures have been taken to increase the participants’
motivation. Project managers report that in response to
the poor satisfaction with kick-off projects (e.g. A) , they
have taken the following actions prior to the subsequent
ones (e.g. B and C):
Goal Alignment: prior to the project, the project man-
agers traveled to the individual institutes to talk with
potential project members and departmental directors
in order to align the project task with the personal and
departmental interests.
DLR-Wide Networking: the above mentioned meet-
ings also served for networking and for advertising
of the project goals.
Local Networking: double doubling of project meeting
time: twice as many project meetings, each of which
last twice as long; critically, also an evening in-between
is included to socialize—project members get to know
each other personally.
Hands-On Work Sessions: for instance design camps,
where people concurrently work on specific tasks in-
troduced for more recent projects (e.g. C).
Naturally, both hands-on work sessions and network-
ing will contribute to increased familiarity both among
project members and with tasks and goals. A similar
argument is also made by Moerland, Nagel, and Becker
[6]. The motivating actions and familiarity, which is
based on a longterm collaboration, both have the poten-
tial to contribute to increased satisfaction. In support, it is
worth noting that most participants of Project D positively
mention the newly introduced hands-on work sessions
as contributing toward better understating of the overall
project and of how ones’ own discipline is linked to others.
This experience of learning—knowledge transfer through
concurrently working together—is explicitly valued as
motivating. Both, challenging goals and learning from
each-other is mentioned virtually anonymous as sources
for motivations in Study 2 (motivation was inquired about
in Study 1).
In future studies it would be interesting to evaluate
learning from one another—knowledge transfer through
collaboration—also with respect of the leaving expert
issue: To what extend do more intense long-term col-
laborations and hands-on work sessions with the experts
help to pass on their knowledge within the community
of co-workers? The leaving expert issue and multidis-
ciplinary collaboration are mutually linked at DLR. Al-
though disciplinary boundaries are difficult to overcome,
interdisciplinary is valued because it allows for learning;
and learning is reported in the interviews a major factor
for motivation, and it is the basis for knowledge trans-
fer trough collaboration. And reversely, given DLR’s
distributed working environment, when an expert leaves,
this is an issue not only for the expert’s department but
also for many collaborations where she has been involved.
Geographic Location
The interview data confirm another obvious factor: ge-
ographic separation needs to be taken into account with
respect to interdisciplinary collaboration (and the result-
ing knowledge transfer). This is typically not the case in
the literature because most studies on interdisciplinary
collaboration consider teams which are collocated and
which typically work together on a day-to-day basis [see
7, for discussion]. In contrast, DLR is a large research
institution which employs almost 8 0 0 people distributed
over 16 sites in Germany and four offices abroad. Note
also that disciplinary orientations are not necessarily co-
herent with geographic locations, instead: (i) several in-
stitutes cover multiple disciplines; (ii) a fair number of
DLR’s institutes are situated at two or more locations (to
be close to facilities or external partner organizations);
(iii) departments on major DLR sites, where about 1 500
people work, are separated by long walkways, making
it unlikely for employees to simply meet; and (iv) many
projects, especially these funded by third-party, are in
cooperation with universities or companies worldwide.
In this setting, multidisciplinary collaboration naturally
entails overcoming physical distance as well.
We did include questions about the role of physical
distance only in Study 2, but the sample size is too small
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(maximal 3 participants for Project C) and, thus, does
not allow jet for further statistical analysis. It matters to
understand how knowledge transfer through collaboration
can be acquired within a distributed working environment
because travel expenses are often a prohibitive factor for
extracurricular meetings that don’t serve the intermediate
project goals.
Results from the Lessons Learned Studies
Overall, we could identify four main factors that affect
collaboration and knowledge transfer:
Institutional Structure: As a large research institution,
DLR supports large-scale multidisciplinary projects and
can attract experts in the diverse disciplines—this is,
respectively, reflected in enthusiasm to work on relevant
tasks, and high rating of the expertise among colleagues;
Institutional Practice: Because experts are often in-
volved in several projects with different priorities that
are difficult to coordinate, delays occur in some of the
projects. In the interviews, this is observed as frustration
about having to ask and wait for deliverables;
Leadership: Both collaboration experience and per-
ceived satisfaction correlate with the efforts of the
project leaders to provide intrinsic motivation by align-
ing the project, personal, and departmental goals of the
involved team members and their departments.
Familiarity and Continuity: When project members
work together more frequently or over longer periods,
then satisfaction with and effectiveness of their project
team increase as well—teams progress from multi- to
transdisciplinary approach. This is due to an improved
routine with the multi-participatory process as reflected
in the knowledge of whom to address which questions
to and of how one’s own work influences that of others.
These factors are not well documented in the literature,
as most studies on collaboration have teams in focus,
which are co-located and work together on a regular basis.
Our study suggests that distributed teams have a different
intrinsic dynamics. By understanding the underlying
factors, we intent to develop best-practice strategies for
distributed trans-disciplinary research teams.
V.II Outlook: How to Apply what we Learn from
Projects?
The mere fact of people working together provides op-
portunities for knowledge transfer and, not surprisingly,
for increased motivation. A direct conclusion from our
extended lessons learned study is that increased work-
related communication (when planned and performed in
a meaningful way) is worth the investment which it re-
quires. However, in practice, this investment is often seen
by companies and organizations as a waste of resources
because the outcomes of more communication are tacit
and are not directly linked to the pursued project goals.
It is therefore a challenge is to disseminate the idea that
increased communication among experts is an investment
that, on the long-run, pays off with (individual and insti-
tutional) returns. How can we increase the number of and
better use these opportunities? We don’t have an answer
yet, but few strategies to consider:
Systematic Lessons Learned: Lessons learned ses-
sions should be performed regularly in all projects.
Critically, however, the lessons learned outcomes need
to reenter the system and inform future projects—a
process for this is currently being developed at DLR [8].
Project Database: A DLR-wide project database,
which will be implemented within the DLR.Wiki, is
currently in a piloting phase by EIWis (see Section II
and [2] for details). Next to an overview of content
and contact information about projects, it may contain
meta-information like Lessons Learned. This would
then serve to exchange of experiences across projects
(e.g. to help others avoid a common pitfall situation or
not to waste time to reinvent what has been previously
done by oters).
Best Practices: From a DLR-wide project data base
with Lessons Leaned data a collection of explicit “dos”
and “don’ts” may be deuced—building the basis for ex-
plicit Best Practices guidelines for knowledge transfer
and collaboration.
Facilities for Collaboration: DLR also supports Facili-
ties for Collaboration: the Concurrent Engineering Fa-
cility [CEF, 9, 10] and the Integrated Design Lab [IDL,
11]. The Lessons Learned research parented here as well
as experimental studies on visualization are specifically
geared toward improving the collaborative environment
IDL [8, 12].
VI. CONCLUSION
The majority of DLR’s knowledge is located in the
heads of people who work for DLR. Therefore it was
important to establish a knowledge transfer, especially
for leaving employees. Story Telling and Expert Debrief-
ing were techniques that helped to capture the relevant
knowledge from our experts. The techniques were rather
successful and also requested for project debriefings. But
not only the knowledge transfer of an expert when he is
leaving is part of our solution. We have to understand
where knowledge is transferred and how our organization
can learn from the knowledge that is already existing.
Next to explicit EIWis strategies how to maintain expert
knowledge in the organization also after experts leave,
the extended Lessons Leaned debriefings indicate that
the mere collaboration of experts within interdisciplinary
projects results in shared knowledge among a wider pool
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of colleagues. However, this knowledge transfer is often
not used to its full potential because the benefits are long-
term and directly linked to project goals. One goal of
the expert debriefings is move into focus how knowledge
is captured and transferred within projects. Based on
this, explicit strategies can be developed to systematically
utilize knowledge transfer through collaboration.
Further studies need to also address the specific chal-
lenge of not just “preaching to the choir”. Experts
who contribute to the Knowledge Transfer activities or
Lessons Leaned are typically converts, who are enthusi-
astic abut their disciplines. However, it is difficult to get
any critical opinions because the respective persons are
not interested to share.
The discussion in DLR about the knowledge manage-
ment activities has led to more awareness about knowl-
edge and its worth and will lead to futher measures to
capture knowledge.
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